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Abstract
Background Our previous findings showed the impor-
tance of analysing the peripheral markers of acute phase
response (APR) activation, C-reactive protein (CRP) and
IL-6 in the context of urticaria activity and severity.
However, these biomarkers do not reliably differentiate
between APR to infectious and the disease severity.
Aim In order to investigate a possible association
between the immune-inflammatory activation markers CRP
and procalcitonin (PCT).
Methods Serum PCT and CRP concentrations were
measured in patients with CU of varying severity as well as
in healthy subjects.
Results Serum PCT and CRP concentrations were sig-
nificantly increased in more severe CU patients when
compared to healthy controls and mild CU, and within the
CU population there was a significant correlation between
concentrations of PCT and CRP. Serum PCT concentra-
tions remained within normal ranges in most CU patients
and were only slightly elevated in some severe CU cases.
Conclusions PCT serum concentration may be only
slightly elevated in some cases of severe CU. Upregulation
of PCT synthesis accompanied by parallel changes in CRP
concentration reflects a low-grade systemic inflammatory
response in CU. PCT should be considered as a better
marker than CRP to distinguish between APR to infection
and an active non-specific urticarial inflammation.
Keywords Procalcitonin  Chronic urticaria 
Acute phase response  C-reactive protein
Introduction
Spontaneous chronic urticaria (CU) can be identified as a
mast cell- and basophil-dependent inflammatory disorder
of the skin accompanied by acute phase response (APR)
[1]. This process is manifested by increased concentration
of biomarkers—IL-6 and C-reactive protein [2–5], together
with activation of the coagulation/fibrinolysis cascade [4,
6, 7], but not blood platelets [8, 9]. Unfortunately, these
biomarkers may reflect not only the activity and severity of
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CU [3, 4], but correlate with a systemic response to
infections [10]. In contrast, procalcitonin (PCT) seems to
be more specifically associated with the presence of
microbial infection, only slightly elevated in rare cases of
immune-mediated inflammatory diseases [11–13]. Inter-
estingly, determination CRP and PCT together was
superior to CRP alone for diagnosing active or severe
inflammatory bowel diseases [14].
So far, there are no available data regarding behaviour of
PCT concentration in patients with CU. Characterization of
inflammatory response in CU may appear essential for an
insight into the pathophysiology of the disease as well as its
activity and severity, and diagnosis/management of infections
in the course of CU [1]. Therefore, in the present study, serum
concentration of PCT has been investigated in patients with CU.
Method
Twenty-one patients with active CU (median age 36 years)
were enrolled in the study.
Urticaria activity score (UAS) according to EAACI/
GALEN/EDF guidelines [15] was estimated during 4 days
and on the day of blood sampling: (no wheals = 0, 1–10
wheals = 1, 11–50 wheals = 2,[50 wheals = 3) and pruritus
intensity (no = 0, mild = 1, moderate = 2, severe = 3). UAS
scores: daily (minimum = 0; maximum = 6) and 4 days by
adding the daily score values (minimum = 0; maxi-
mum = 24). The UAS was graded as follows: mild (0–8),
moderate (9–16) and severe (17–24). The study comprised
10 patients with mild and 11 patients with moderate-severe
urticaria symptoms as per the 4 days UAS. None of the
examined subjects had taken oral corticosteroids within
2 months, or antihistamines within at least 4 days before the
study. Routine investigations had been performed to exclude
any known causes of the diseases or the concomitant dis-
eases, including dental and laryngological consultations and
an autologous serum skin test (ASST).
The control group consisted of 14 sex-, age- and BMI-
(\30) matched healthy subjects.
The Ethics Committee of the Medical University of
Silesia approved of the study and written, informed consent
was obtained from all the subjects participating.
Blood collection
All blood samples were obtained between 7 and 9 a.m. by
antecubital puncture.
Assay of CRP
Serum CRP concentration was measured by a turbidimetric
latex agglutination method (CRP-Latex, BioSystems SA,
Barcelona, Spain) with a detection limit of 1.0 mg/l.
Elevated serum CRP was defined as higher than 5.0 mg/l.
Assay of procalcitonin
Serum procalcitonin concentration was measured using an
electrochemiluminescence immunoassay (ECLIA) method
(Roche Diagnostics GmbH, Mannheim, Germany) with a
detection limit of 0.02 ng/mL. Elevated serum PCT con-
centration was defined as higher than 0.05 ng/ml.
Statistical analysis
Data were delivered as medians and interquartile ranges.
Kruskal–Wallis variance analysis was used for screening
differences between the groups. Mann–Whitney U test was
used to compare data between the patient groups and the
healthy controls. Correlation coefficient was obtained by
Spearman test. p values lower than 0.05 were considered
significant.
Results
Serum PCT and CRP concentrations
Serum PCT concentration was significantly higher in CU
patients as compared with the healthy subjects (median
0.032 vs. 0.021 ng/ml, p \ 0.05). PCT concentrations were
significantly higher in moderate/severe CU patients as
compared with mild CU patients and the healthy subjects
(median: 0.045 vs. 0.021 vs. 0.022 ng/ml, p \ 0.01)
(Fig 1.). However, only four CU (36 %) patients had PCT
slightly elevated above the normal value (defined as higher
than 0.05 ng/ml).











Fig. 1 Serum PCT concentration in healthy subjects and chronic
urticaria (CU) patients with different disease activity. CU-mild vs.
control p [ 0.05, CU-moderate/severe vs. CU-mild vs. control
p \ 0.01
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Serum CRP concentrations were significantly higher in
CU patients as compared with the healthy subjects (median
and interquartile ranges 9.2 (5.8–14.5) vs. 0.74 (0.3–1.0)
mg/l, p \ 0.0001).
Significant positive correlation was found between
serum concentrations of CRP and PCT in CU patients and
not in the controls (r = 0.69, p = 0.008 and r = 0.26,
p = 0.35, respectively).
Discussion
Our previous data show that circulating levels of CRP and
IL-6 were significantly elevated in CU patients and these
increases corresponded to the severity and activity of the
disease. In addition, a significant association was found
between IL-6 and CRP concentrations [3]. In the current
study, serum concentrations of PCT and CRP were sig-
nificantly increased in more severe CU as compared with
the healthy subjects and patients with mild disease. How-
ever, only a few subjects with severe CU had the values of
PCT slightly elevated above the normal laboratory range.
In contrast, some values of CRP were highly elevated
above the expected range (in some patients higher than
30 mg/l). It seems that significantly increased CRP and
PCT concentrations reflect a low-grade non-specific sys-
temic inflammatory response in the course of the disease.
Despite extensive investigations we were unable to identify
other causes which might be responsible for the increased
concentrations.
In healthy subjects, circulating levels of PCT are very
low. In viral infections and non-specific inflammatory
states, PCT concentration is slightly elevated up to 1.5
ng/ml, but in bacterial systemic infections the level is very
high [10, 11, 16].
It is sometimes difficult to distinguish an infection from
an exacerbation of the disease in patients with immune-
inflammatory disorders associated with elevated serum
CRP concentrations [16].
In these situations, PCT offers better specificity than
CRP for differentiating between some infections and APR
secondary to the diseases activity, regardless of therapy
with corticosteroids and immunosuppressive drugs
[11, 16]. Taken together, PCT is slightly elevated only in
some cases of severe urticaria. Higher PCT level can be
observed in local infections in CU patients (own unpub-
lished observations). Therefore, it seems that PCT might
reliably differentiate between APR to coincidental infec-
tions and secondary to the disease exacerbation/activity.
Of note in our study, a positive correlation was found
between levels of CRP and PCT in CU patients and not in
the controls. This implies that both PCT and CRP may be
regulated by the same mechanisms in CU. It should be
indicated that IL-6, a key mediator of acute phase protein
synthesis, stimulates not only production of CRP, but also
PCT.
Similarly, TNF-alpha and IL-1 beta are able to upreg-
ulate PCT synthesis [11, 12, 16, 17]. The site of PCT
production in CU is unknown. PCT is produced by dif-
ferent cell types under physiological and pathological
conditions, including the neuroendocrine cells, in particular
the thyroid C cells, the liver, peripheral blood mononuclear
cells, and parenchymal tissues [13, 17, 18].
Unfortunately, we did not study a correlation between
IL-6 and PCT in CU patients, which certainly limits our
conclusions. In our previous study, a significant association
was found between concentrations of CRP and IL-6, and
they correlate with the disease activity and severity. PCT
behaves in a similar fashion to CRP, thus serum concen-
tration of PCT may reflect, at least in part, the severity/
activity of CU.
Currently, it is not clear whether the increased circu-
lating PCT is merely an epiphenomenon or may be related
to the pathogenesis of CU. Interestingly, it has been sug-
gested that PCT may enhance inflammatory processes [11].
PCT-like CRP and IL-6 may reflect not only a low-grade
systemic inflammatory response in CU, but also may
be cooperatively involved in the pathogenesis of the
disease.
Conclusions
Our results show that serum PCT concentrations were
increased in more severe CU patients when compared to
the healthy controls and mild CU, and that within the CU
population there was a significant correlation between
levels of PCT and CRP.
Serum PCT concentrations remained within normal
ranges in most CU patients and were only slightly elevated
in some severe CU cases.
One of the most important aspects of the study is indi-
rect evidence that PCT may have potential utility as a
useful marker for the detection of infection in patients with
increased CRP resulting from active non-specific urticarial
inflammation.
Acknowledgments This study was supported by a research grant
from the Committee for Scientific Research (NN-1-131/12).
Conflict of interest The authors have nothing to disclose.
Open Access This article is distributed under the terms of the
Creative Commons Attribution License which permits any use, dis-
tribution, and reproduction in any medium, provided the original
author(s) and the source are credited.
Analysis of procalcitonin and CRP concentrations 311
123
References
1. Kasperska-Zajac A. Acute-phase response in chronic urticaria.
J Eur Acad Dermatol Venereol. 2012;26:665–72.
2. Kasperska-Zajac A, Brzoza Z, Rogala B. Plasma concentration of
interleukin 6 (IL-6), and its relationship with circulating concen-
tration of dehydroepiandrosterone sulfate (DHEA-S) in patients
with chronic idiopathic urticaria. Cytokine. 2007;39:142–6.
3. Kasperska-Zajac A, Sztylc J, Machura E, Jop G. Plasma IL-6
concentration correlates with clinical disease activity and serum
C-reactive protein concentration in chronic urticaria patients. Clin
Exp Allergy. 2011;41:1386–91.
4. Takahagi S, Mihara S, Iwamoto K, Morioke S, Okabe T, Ka-
meyoshi Y, Hide M. Coagulation/fibrinolysis and inflammation
markers are associated with disease activity in patients with
chronic urticaria. Allergy. 2010;65:649–56.
5. Kasperska-Zajac A, Grzanka A, Czecior E, Misiolek M, Rogala
B, Machura E. Acute phase inflammatory markers in patients
with non-steroidal anti-inflammatory drugs (NSAIDs)-induced
acute urticaria/angioedema and after aspirin challenge. J Eur
Acad Dermatol Venereol. 2012;. doi:10.1111/j.1468-3083.
2012.04486.
6. Asero R, Cugno M, Tedeschi A. Activation of blood coagulation
in plasma from chronic urticaria patients with negative autolo-
gous plasma skin test. J Eur Acad Dermatol Venereol. 2011;
25:201–5.
7. Kasperska-Zajac A, Jasinska T. Analysis of plasma D-dimer
concentration in patients with delayed pressure urticaria. J Eur
Acad Dermatol Venereol. 2011;25:232–4.
8. Kasperska-Zajac A, Rogala B, Nowakowski M. Assessment of
platelet activity as expressed by plasma levels of platelet factor 4
and b-thromboglobulin in patients with chronic idiopathic urti-
caria. Exp Dermatol. 2005;14:515–8.
9. Jasinska T, Kasperska-Zajac A. Soluble CD40 ligand is not ele-
vated in plasma of patients suffering from chronic spontaneous
urticaria. Br J Dermatol. 2012;167:450–2.
10. Simon L, Gauvin F, Amre DK, Saint-Louis P, Lacroix J. Serum
procalcitonin and C-reactive protein levels as markers of bacterial
infection: a systematic review and meta-analysis. Clin Infect Dis.
2004;39:206–17.
11. Carrol ED, Thomson AP, Hart CA. Procalcitonin as a marker of
sepsis. Int J Antimicrob Agents. 2002;20:1–9.
12. Nijsten MW, Olinga P, The TH, de Vries EG, Koops HS, Gro-
othuis GM, Limburg PC, ten Duis HJ, Moshage H, Hoekstra HJ,
Bijzet J, Zwaveling JH. Procalcitonin behaves as a fast
responding acute phase protein in vivo and in vitro. Crit Care
Med. 2000;28:458–61.
13. Tamaki K, Kogata Y, Sugiyama D, Nakazawa T, Hatachi S,
Kageyama G, Nishimura K, Morinobu A, Kumagai S. Diagnostic
accuracy of serum procalcitonin concentrations for detecting
systemic bacterial infection in patients with systemic autoim-
mune diseases. J Rheumatol. 2008;35:114–9.
14. Oussalah A, Laurent V, Bruot O, Gue´ant JL, Re´gent D, Bigard
MA, Peyrin-Biroulet L. Additional benefit of procalcitonin to
C-reactive protein to assess disease activity and severity in
Crohn’s disease. Aliment Pharmacol Ther. 2010;32:1135–44.
15. Altrichter S, Boodstein N, Maurer M. Matrix metalloproteinase-
9: a novel biomarker for monitoring disease activity in patients
with chronic urticaria patients? Allergy. 2009;64:652–6.
16. Becker KL, Snider R, Nylen ES. Procalcitonin in sepsis and
systemic inflammation: a harmful biomarker and a therapeutic
target. Br J Pharmacol. 2010;159:253–64.
17. Oberhoffer M, Stonans I, Russwurm S, Stonane E, Vogelsang H,
Junker U, Ja¨ger L, Reinhart K. Procalcitonin expression in human
peripheral blood mononuclear cells and its modulation by lipo-
polysaccharides and sepsis-related cytokines in vitro. J Lab Clin
Med. 1999;134:49–55.
18. Linscheid P, Seboek D, Nylen ES, Langer I, Schlatter M, Becker
KL, Keller U, Mu¨ller B. In vitro and in vivo calcitonin I gene
expression in parenchymal cells: a novel product of human adi-
pose tissue. Endocrinology. 2003;144:5578–84.
312 A. Kasperska-Zajac et al.
123
